Abstract
surface lowering of between 10 ± 6.19 and 60 ± 6.19 m a -1 , 3 km up-glacier of the terminus.
23
This transfer of mass amounted to a volume of ~2.7 × 10 7 ± 0.1 × 10 7 m 3 a -1
. Sabche Glacier is 24 the first surge-type glacier to be observed in the central Himalayas, but this is consistent with 25 a previous global analysis which indicates that surge-type glaciers should exist in the region.
26
We hypothesise that the surge is at least partially controlled by subglacial topography, whereby 27 a major subglacial overdeepening and constriction 3 km up-glacier of the terminus provides .
44
There is a distinct pattern in the global distribution of surge-type glaciers, with large clusters Thermally-driven glacier surges, common in Svalbard, are thought to be triggered by changes 58 in the basal thermal regime, whereby a surge-front of warm-based and fast-flowing ice
59
propagates down-glacier into stagnant cold-based ice and activates it into surging (Clarke et al.
60
1984; Murray et al. 1998 ). Thermal glacier surges can also be influenced by changes in the 61 amount of bed deformation occurring under the glacier (Clarke et al. 1984; Jiskoot et al. 1998 ).
62
In contrast to thermally-driven surges, temperate glaciers, such as Variegated Glacier (Kamb 63 et al. 1985) and West Fork Glacier (Harrison et al. 1994) in Alaska, are thought to surge due to 64 changes in their basal hydrology. Specifically, surging occurs when an efficient subglacial 65 hydrological system switches to an inefficient cavity system generating increased water 66 pressures at the bed and promoting rapid basal sliding (Kamb 1987 ).
67
While surge-type glaciers are rare, constituting less than 1% of glaciers worldwide (Jiskoot et 68 al. 1998), they can provide valuable insight into glacier dynamics and the mechanisms 69 triggering surge-type behaviour and fast glacier flow (Clarke 1987 (Table S1 ).
116
Over half of the glacier's area (5.2 km 2 , 57%) is covered in supraglacial debris and it sits in the 117 steep-sided, bowl-shaped Sabche basin, and flows into a narrow outlet, forming a long (3 km)
118
glacier tongue (Fig. 1C) .
119
Sabche Glacier is located at the head of, and feeds into, the Seti Gandaki river, which flows 120 through highly populated areas, including Pokhara (population ~400,000), located 30 km deposited by these events were provided by perched glacial tills in the large Sabche cirque,
126
originally derived from the glaciated cirque headwall (Fort 1987 Table S1 ). The scenes were chosen to capture the before-and after-surge configuration annually (1-to 6-month intervals) where cloud-free images were available (Table S1 ). Glacier 
Glacier velocities

185
East/west and north/south surface displacements were mapped using feature tracking in COSI- 
Digital elevation models and changes in glacier surface elevation and volume
210
Digital elevation models (DEMs) of Sabche Glacier were generated from the 12 th October 2014 211 and 19 th November 2015 Pléiades stereo pairs using Erdas Imagine's Photogrammetry Suite.
212
The Pléiades scenes, which were obtained at primary processing level, were georeferenced 213 using just the rational polynomial coefficients (RPCs) provided with each scene because we 214 did not have any ground control points (GCPs) for the area. Over 100 tie-points were used on 215 each stereo pair to minimise the root mean squared error (RMSE) of the triangulation models. 
225
The Pléiades DEMs were assessed and corrected following Nuth and Kääb (2011) (Fig. S4 ).
226
First, areas in the DEMs affected by noise due to cloud cover and shadow were filtered out. and Kääb 2011). We are therefore confident that DEM co-registration has reduced geolocation 256 errors sufficiently to obtain useful surface elevation change data. Figure S4D and E show 257 summaries of elevation differences on the stable terrain before correction and after correction. relative, rather than absolute, surface elevation change was calculated, due to the lack of GCPs. for the upper elevation bands due to large gaps in the data.
266
Surface elevation change was converted into volume change for the area of maximum elevation 267 loss and the area of maximum elevation gain (locations in Fig. S5 ) by multiplying the on- and 2017 (Fig. 2) . There was an interval of at least 17 years between the first period of advance
285
(measured in 1974) and the beginning of the second period of advance (1991) and the last three 286 advance periods occurred at 10 to 11-year intervals (Fig. 2) . However, we may have missed an (Fig. 2) . These retreat events occurred where the glacier tongue 299 disconnected from the main glacier body as a result of localised acceleration and glacier 300 extension caused by a large increase in slope (Fig. 1C and 3 and Fig. 5D ). An animated time- occurring in a distinct bowl-shaped area at the top of the glacier tongue (Fig. 5A ). This change 341 in elevation coincided with the advance of the terminus (Fig. 5B and C) . The largest surface terminus (3600-4200 m elevation), ranging from 22 ± 6.19 m a -1 to 54 ± 6.19 m a -1 (Fig. 5E ).
346
In the intermediate elevation bands, between 4200 and 4800 m elevation, mean elevation 347 change was negative, with a maximum mean surface lowering of -18 ± 6.19 m a -1 (Fig. 5E ).
348
The area of maximum elevation loss, between 1.8 and 4.8 km distance from the headwall had Based on the terminus position change chronology (from 1991 to 2017) (Fig. 2) , Sabche 415 Glacier has one of the shortest surge cycles (10 to 11 years) (Table 1) Glacier's surging mechanism to capture the full range of surge-type glacier behaviour globally. 
428
Potential influence of subglacial topography on surge timing and duration
437
The short surge cycle length of Sabche Glacier is more common in glacier surges driven by a (Fig. 7) , and we hypothesise that its 457 development is related to a subglacial basin, or overdeepening, in the bed topography (Cook 458 and Swift 2012). A slight concavity is visible in the 2015 ice surface long profile in Figure 5D .
459
We also note the raised bump in the surface topographic expression at the down-glacier extent 460 of the bowl in Figure 6B and the transverse line of intense extensional crevassing, visible in 
